1. Introduction
===============

Chronic infection with hepatitis C virus (HCV) is a serious public health problem associated with increased morbidity and mortality, and it affects approximately 2.8% of the world's population ([@b1-epj-07-1619], [@b2-epj-07-1619]). The distribution of this infection varies significantly between various geographical locations ([@b3-epj-07-1619]). It was found that about 20% of Egypt's population had HCV infections, the highest prevalence anywhere in the world ([@b4-epj-07-1619]). The International Committee on Taxonomy of Viruses has classified hepatitis C virus as being within the genus Hepacivirus, family Flaviviridae. Six major phenotypes (HCV-1 to HCV-6) have been described, each of which contains multiple subtypes with different distributions in different regions of the world ([@b5-epj-07-1619]). Currently, HCV is diagnosed by the detection of anti-HCV (antibody against HCV) and HCV-RNA in serum ([@b2-epj-07-1619]--[@b6-epj-07-1619]). Interestingly, in recent years, HCV-RNA has been detected in non-serum reservoirs, such as peripheral blood mononuclear cells (PBMCs) and/or hepatocytes even in the absence of HCV RNA in serum, which has raised the controversial issue of an intriguing, but not unequivocally accepted, entity designated as "occult HCV infection" ([@b7-epj-07-1619], [@b8-epj-07-1619]). The virus' replicating ability in PBMCs could possibly lead to the spread of HCV, and patients with occult HCV may be potentially infectious ([@b9-epj-07-1619]). Occult HCV infection in liver tissue/PBMCs has been described in two clinical settings: 1) Seronegative OCI: In patients with liver disease of unknown origin (anti-HCV-negative, serum HCV RNA negative, persistently elevated liver transaminases) ([@b7-epj-07-1619], [@b10-epj-07-1619], [@b11-epj-07-1619]) and 2) Seropositive OCI: In patients with spontaneous/treatment-induced HCV RNA clearance from serum (anti-HCV-positive, serum HCV RNA-negative, normal liver transaminases) ([@b12-epj-07-1619], [@b13-epj-07-1619]). Recently, occult HCV infection also was reported in an apparently disease-free state in the absence of liver disease, anti-HCV, or HCV-RNA in serum ([@b14-epj-07-1619], [@b15-epj-07-1619]).

PBMCs represent an extra-hepatic site for the replication of HCV. The viral replication involves synthesis of a negative strand of antigenomic or complementary RNA, which facilitates the production of a positive strand of RNA (genomic RVA strand). An active viral replication is indicative of a negative RNA strand ([@b16-epj-07-1619]). It was hypothesized that if HCV RNA does persist at low levels in PBMCs, then it should be more easily detectable in patients with impaired immune function, such as those on chronic hemodialysis (CHD) and kidney transplant (KTx) recipients than in immunocompetent patients ([@b17-epj-07-1619]). Therefore, these patients would constitute an ideal model to explore the existence of occult HCV infection, all the more so as the presence of occult HCV infection may have deleterious consequences in these high-risk groups of patients ([@b9-epj-07-1619]). HCV infection reduces the rate of survival among patients who are on maintenance dialysis and after renal transplantation ([@b18-epj-07-1619]). In this study, we aimed to determine the prevalence of occult HCV infection in PBMCs in chronic hemodialysis (CHD) patients in the dialysis unit at Theodor Bilharz Research Institute (TBRI) with HCV antibodies and HCV-RNA negativity irrespective of their liver function, since serum enzymes may be normal in these patients even in the presence of liver disease.

2. Material and Methods
=======================

2.1. Study setting and ethics
-----------------------------

This study was conducted in the dialysis unit of Theodor Bilharz Research Institute in 2015. Fifty-three patients who were repeatedly anti-HCV and serum HCV-RNA negative and on regular hemodialysis for three sessions weekly, four hours each, for a period \> 6 months were enrolled in the study. In addition 10 healthy volunteers from medical and paramedical subjects who had normal liver function tests and were repeatedly negative for anti-HCV antibody and HCV-RNA in serum were used as negative controls. Regarding the research ethics, informed written consents were obtained from all patients according to the Declaration of Helsinki.

2.2. Inclusion and exclusion criteria
-------------------------------------

The inclusion criteria were end-stage renal disease and regular hemodialysis for at least six months. The exclusion criteria were 1) evidence of acute or chronic HBV infection (determined by positive HBsAg), 2) patients who had been vaccinated against HBV, 3) other causes of liver dysfunction, such as autoimmune hepatitis, toxic hepatitis, primary biliary cirrhosis, alcohol abuse, and metabolic disorders, and 4) patients who were being treated with interferon and/or ribavirin.

2.3. General diagnostic methods
-------------------------------

After taking their full histories and conducting clinical examinations, all patients and controls in this study were subjected to the following: complete blood picture (CBC), kidney functions and liver enzymes (ALT and GGT), RNA Extraction from Serum and PBMCs, serum creatinine and ALT were performed by conventional methods using Beckman Coulter Synchron CX5 Pro, chemistry auto analyzer, Serum GGT was assayed using Human kits (Human Diagnostics, Manheim, Germany), and anti-HCV was tested using commercially available Elisa kits (Diasorin, Torino, Italy).

2.4. Peripheral blood mononuclear cells (PBMCs) isolation
---------------------------------------------------------

PBMCs were separated on Ficoll-Histopaque density gradients (Sigma-Aldrich Co., St Louis, MO, USA) according to the manufacturer's protocol, (Thimme R, Bukh J, Spangenberg HC, et al. Viral and immunological determinants of hepatitis C virus clearance, persistence, and disease. Proc Natl Acad Sci U S A. 2002;99([@b24-epj-07-1619]):15661--15668.) with minor modifications. PBMCs were separated from 3 mL of fresh EDTA venous blood using centrifugation on a Ficoll--Histopaque gradient at 2200 rpm for 30 minutes. The PBMC layer was separated and washed three times with 1× phosphate buffered saline (PBS) with a pH of 7.4 at 2200 rpm for 10 minutes. The cells were resuspended in 1x PBS, and they were stored at −80 ºC until used.

2.5. Total RNA extraction from PBMCs and plasma
-----------------------------------------------

Total RNA from the PBMC cell suspension/plasma was extracted following the protocol developed by Chomczynski and Sacchi (Chomczynski P, Sacchi N. The single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-chloroform extraction: twentysomething years on. Nat Protoc. 2006;1(2):581--585) using Tri Reagent (Molecular Research Center, Inc., Cincinnati, OH, USA). Briefly, 1 mL of Tri Reagent was placed into an Eppendorf tube, and 200 μL of a well-mixed suspension of PBMCs /plasma were added. The tubes were shaken for a few seconds and kept at near-room temperature for five minutes; then, 100 μL of bromochloropropane (BCP) were added. After adding the BCP, the tubes were shaken for 15 seconds and stored for two to 15 minutes. The tubes were centrifuged at 14,000 rpm at 4 ºC for 15 minutes. The aqueous phase was added to a new Eppendorf tube and mixed with 500 μL of isopropanol and stored for 5 to 10 minutes. The tubes were centrifuged again at 14,000 rpm for eight minutes at 4 to 25 ºC, and the supernatant was removed from the tubes; then, the RNA pellet was washed with 1 mL of 75% ethanol. The tubes were centrifuged at 8,000 rpm for five minutes at room temperature, and the attached ethanol drops were removed by air drying the RNA pellet for three to five minutes. The remaining ethanol was discarded using a pipette tip. The RNA pellet was resuspended in 30 μL of diethylpyrocarbonate in distilled water by mixing with a pipette. The tubes were incubated for 10 to 15 minutes at 55 to 60 ºC. Then, 1 μL of dissolved RNA was mixed with 99 μL of distilled water.

2.6. Detection of Genomic and Antigenomic HCV-RNA in PBMCs and plasma by Reverse Transcription nested PCR (RT-PCR)
------------------------------------------------------------------------------------------------------------------

Both the positive and negative strands of HCV RNA were detected by strand-specific RT-PCR using an oligonucleotide primers chosen from the highly conserved 5′ noncoding (5′NC) region of the HCV genome (I Castillo, E Rodríguez-Iñigo, J Bartolomé, S de Lucas, N Ortíz-Movilla, J M López-Alcorocho, M Pardo, and V Carreño, Hepatitis C virus replicates in peripheral blood mononuclear cells of patients with occult hepatitis C virus infection, Gut. 2005 May; 54(5): 682--685). Strand-specific RT-PCR reaction was carried in a total volume of 100 μl containing 30 μl of the extracted RNA, 1X Taq buffer with 1.5 mM MgCl2 (Promega Madison, WI, USA), 0.2 mM dNTPs (Promega Madison, WI, USA), 20 pmole of either the sense or antisense primer, 20 units of RNasin (Promega Madison, WI, USA), 10 units of AMV Reverse Transcriptase (RT) (Promega Madison, WI, USA), and 2.5 units Taq DNA polymerase (Promega Madison, WI, USA). The mixture was incubated at 42 ºC for 30 min for RT, 95 ºC for 5 min, followed by 35 cycles at 94 ºC for 30 seconds, 55 ºC for 30 seconds, and 72 ºC for one minute, followed by a final extension at 72 ºC for seven minutes.

Genomic HCV-RNA in plasma was detected by a single tube RT-PCR as previously described except that both sense and antisense primers were added simultaneously to the RT-PCR mixture. For the nested PCR reaction, 5 μl of the first PCR products were added to the second nested PCR and amplified for another 30 cycles, using inner forward and reverse primers. All PCR reactions were carried out on Bio-Rad T100 Thermal cycler. PCR products (266 bp) were visualized by 1.5% agarose gel electrophoresis. HCV-RNA positive and negative controls were included in each PCR run. As negative controls, we used PBMCs from healthy volunteers who had normal liver function tests and were repeatedly HCV-RNA negative in PBMCs. To confirm the results of different runs of PCR amplification to exclude the occurrence of contamination, all positive samples were retested. The sensitivity limit of the PCR amplification method for detection of genomic HCV RNA strand was 45 IU/ml plasma. The sensitivity was determined by testing serial dilutions of a plasma specimen with a known viral load \[determined using Abbott Real Time HCV assay (Abbott Molecular Inc., Des Plaines, IL).

2.7. Statistical Analysis
-------------------------

Results were expressed as mean ± standard deviation of the mean (SD) or number (%). Comparison between different parameters in the two studied groups was performed using the unpaired t-test. Comparison between parameters in different pathological classes was performed using ANOVA. Comparison between categorical data was performed using the chi-squared test. Correlation between different parameters in the cases group was performed using the Pearson correlation. The data were considered significant if the p value were equal to or less than 0.05 and highly significant if the p value \< 0.01. Statistical analysis was performed using SPSS software (version 12 for Windows).

3. Results
==========

The demographic features and clinical data of all patients and control group are summarized in [Table 1](#t1-epj-07-1619){ref-type="table"}. There were differences between the two groups that were highly statistically significant regarding age, gender, haemoglobin, and creatinine (p \< 0.001). There were no statistically significant differences between the two groups regarding ALT and GGT. Primary kidney disease in HD patients is shown in [Table 2](#t2-epj-07-1619){ref-type="table"}. Hypertension was the most common disease at 49.1%, and it was followed by diabetes (9.4%), and obstructive uropathy (7.5%). Unknown causes of kidney disease were 11.3%. Virological results in both HD patients and control subjects are shown in [Table 3](#t3-epj-07-1619){ref-type="table"}. Out of 53 patients who underwent regular hemodialysis, eight patients (15.1%) had positive HCV RNA in PBMCs (occult HCV infections). Comparison between PBMNs negative cases and positive cases are shown in [Table 4](#t4-epj-07-1619){ref-type="table"}. There were no statistically significant differences between the two groups regarding mean values of ALT, GGT, duration of hemodialysis, history of blood transfusion, or family history of HCV. Replication was detected in five positive cases (62.5%).

4. Discussion
=============

We know very little about the prevalence of occult HCV infection, its natural history, potential transmission risk, and its impact in the general population. In the absence of serological markers of HCV, HCV-RNA has been detected in PBMCs almost exclusively in patients with liver disease or in immunosuppressed patients ([@b7-epj-07-1619], [@b10-epj-07-1619], [@b19-epj-07-1619]). However, information about occult HCV infection in patients on maintenance dialysis is limited ([@b20-epj-07-1619]). The patients undergoing CHD are at an increased risk for exposure due to vascular access, blood transfusions, and the potential for nosocomial transmission ([@b6-epj-07-1619]). The existence of occult HCV infection may potentially have significant consequences for these populations. These include the risk for nosocomial transmission of the virus within hemodialysis units ([@b21-epj-07-1619]). Therefore, detection of occult HCV infection not uncovered by routine diagnostic methods may have an important bearing on the development of new screening strategies and therapeutic interventions for HCV infection in these patients. The original report of occult HCV infection in all HD patients with HCV-RNA in PBMC indicated that they also must have viral RNA in their liver ([@b7-epj-07-1619]). A patient who had occult HCV infection and underwent a liver biopsy verified the validity of the report. Even so, the detection of HCV-RNA in PBMC does not identify all cases with occult HCV. This means that some of the HD patients without viral RNA in PBMC could have occult HCV infections in their livers; however, it is not routinely recommended that HD patients have liver biopsies except in cases of renal transplant candidates before they begin their anti-viral therapy. So, according to this, the cases of elevated liver enzymes without the detection of HCV-RNA in PBMCs may have viral RNA in the liver cells ([@b10-epj-07-1619]).

There were 53 patients in this study, and all of them had negative anti-HCV antibodies in their serum and negative HCV RNA by real time PCR in their serum. We detected HCV-RNA in PBMCs in eight of 53 cases (15.1%) without any evidence of liver disease. These results are similar to those in one of the earliest studies of patients on CHD in which HCV genome was detected in PBMCs in approximately 9% of 67 patients without any evidence of liver disease and without the presence of viremia or serological markers in the serum ([@b22-epj-07-1619]). In another study, the persistence of HCV RNA in PBMCs was reported in two of 11 CHD patients (18%) despite negative HCV-RNA in their serum ([@b20-epj-07-1619]). In our study, there was no statistical difference between positive and negative HCV RNA in PBMCs regarding the liver enzymes ALT and GGT (p-values were 0.179 and 0.990, respectively), indicating that liver enzymes may not be elevated in occult HCV-infected patients, which may be attributed to uremia and low immunity in these patients. In contrast to our study, in a large study with 103 patients CHD patients, occult HCV infection in PBMCs was found in up to 45% of investigated patients with abnormal liver enzyme levels of unknown etiology ([@b10-epj-07-1619]).

Since antigenomic HCV RNA was detected in five HD patients with occult HCV, HCV was replicated within PBMCs, and this suggested that these patients potentially could be infectious. However, the existence of occult HCV infection is not excluded by negativity for HCV- RNA in PBMCs, because the gold standard method to identify this occult infection is by detecting viral RNA in liver cells ([@b10-epj-07-1619]). Regarding the duration of HD in our study, there was no statistical difference between the two groups even though another study showed that the duration was significantly longer in patients with occult HCV infections ([@b10-epj-07-1619]). In PBMC positive patients, five (62.5%) patients had histories of blood transfusions, while in the negative group, only 26 (57.8% ) had histories of blood transfusions. Among the clinical consequences of occult HCV infection, there is the risk for the transmission of HCV in HD units by patients with occult HCV. However, from a theoretical perspective, we cannot exclude the nosocomial spread of occult HCV among HD patients. The low incidence of de novo HCV in patients who undergo maintenance HD in the developed world likely is due to the screening of blood donors for anti-HCV antibody as well as the implementation of infection control precautions ([@b23-epj-07-1619]). A Belgian multicenter study showed that full implementation of infection control procedures to prevent transmission of blood-borne pathogens, including HCV, could reduce the annual incidence of seroconversion from 1.4 to 0.0% ([@b23-epj-07-1619]). The current measures to control the spread of HCV, although they do not incorporate routine PCR or nucleic acid technology, should be adequate if occult HCV infection does transmit HCV within dialysis units. However, more information is needed about occult HCV in this setting due to the existing experience with the transmission of HBV infections in renal transplant recipients from donors with HBV serologies indicative of a previous infection. Further information is needed to define the risk, if any, for HCV transmission from donors with occult HCV to uninfected recipients. The reactivation of HCV after renal transplantation in recipients with occult HCV is another theoretical concern, because immunosuppressive therapy enhances HCV replication in organ-transplant recipients ([@b21-epj-07-1619]). The existence of occult HCV infection was described in a recent study among healthy people with normal alanine aminotransferase and normal aminotransferase values ([@b14-epj-07-1619]). The subjects were tested for anti-HCV and for HCV RNA in plasma and in PBMCs, and all were anti-HCV and serum HCV RNA negative; however, viral RNA was detected in the PBMCs of nine of the 276 healthy controls (3.3%) with normal liver enzymes. This indicated that there is a potential risk for spreading HCV by a healthy population with occult HCV ([@b24-epj-07-1619]). Thus, in blood donations, the efficacy of reducing the risk of transmitting viruses is still being debated even though there are approaches available to reduce the risk of leukocyte-related disease, such as leukodepletion ([@b25-epj-07-1619]). Potentially, healthy blood donors could have HCV-RNA in their serum that cannot be detected using conventional PCR assays. Thus, blood donors with occult HCV infection potentially could transmit this infection since it cannot be detected by current screening tests for HCV ([@b25-epj-07-1619]). Therefore, additional study of healthy subjects with normal liver enzymes should be conducted, especially among blood donors, to determine definitively the possible magnitude of this infection.

5. Conclusions
==============

Hemodialysis patients who have or do not have persistently abnormal liver enzyme values for unknown reasons may have occult HCV infections. Thus, further study is needed to determine the clinical significance of occult HCV infections. For this reason, concern about HCV transmission in hemodialysis units has increased in recent years.
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###### 

Demographic features and clinical data of all patients and controls

                                 Control (n = 10)   HD patients (n = 53)   p-value       
  ------------------------------ ------------------ ---------------------- ------------- --
  Age                            Range              22.0--45.0             19.0--83.0    
  Mean ± SD                      37.10 ± 7.68       54.79 ± 13.03          0.001         
  Gender (F/M)                   10/0 (100%/0%)     18/35 (34.0%/66.0%)    0.001         
  Duration of disease (yrs.)     Range              \-\-\--                1.5--10.0     
  Mean ± SD                      \-\-\--            3.95 ± 1.93                          
  History of blood transfusion   \-\--              31 (58.5%)                           
  Family history                 \-\--              9 (17.3%)                            
  S. ALT (IU/ml)                 Range              7.0--33.0              6.0--67.0     
  Mean ± SD                      13.00 ± 7.57       17.66 ± 11.31          0.070         
  S. GGT (IU/ml)                 Range              12.0--45.0             11.0--256.0   
  Mean ± SD                      23.20 ± 10.41      44.38 ± 43.89          0.098         
  Hemoglobin (g/dl)              Range              10.0--14.0             8.0--14.0     
  Mean ± SD                      11.75 ± 1.02       10.04 ±1.24            0.001         
  Creatinine (mg/dl)             Range              0.6--1.1               6.4--11.4     
  Mean ± SD                      0.86 ± 0.14        8.13 ± 1.29            0.001         
  Serum HCV RNA by PCR           0 (0%)             0 (0%)                               
  HCV- RNA in PBMCs by PCR       \-\--              8 (15.1%)                            

Data are expressed as mean ± SD, minimum and maximum or number (%)

###### 

Primary kidney disease in HD patients

  Variables               n    \%
  ----------------------- ---- ------
  Analgesic nephropathy   2    3.8
  DM                      5    9.4
  DM HTN                  5    9.4
  GN                      3    5.7
  HTN                     26   49.1
  Obstructive uropathy    4    7.5
  Polycystic kidney       1    1.9
  Recurrent stone         1    1.9
  Unknown                 6    11.3

###### 

Virological results in both HD patients and control subjects

                            Control (n = 10)   HD patients (n = 53)
  ------------------------- ------------------ ----------------------
  Serum anti- HCV Abs       0 (0%)             0 (0%)
  Serum HCV RNA by PCR      0 ( 0% )           0 (0%)
  HCV RNA in PBMCs by PCR   \-\-\-\-\--        8 (15.1%)

Data are expressed as number (%).

###### 

Comparison between mean values of ALT, GGT, and others in the HD groups classified according to PBMNs' positivity

                                     PBMNs negative (n = 45)   PBMNs positive (n = 8)   p-value
  ---------------------------------- ------------------------- ------------------------ ---------
  ALT (IU/ml)                        15.0 (6.0--67.0)          12.5 (9.0--21.0)         0.179
  GGT (IU/ml)                        28.0 (11.0--256.0)        28.5 (17.0--88.0)        0.990
  Duration of hemodialysis (years)   4.0 (1.5--10.0)           2.5 (1.5--5.0)           0.067
  History of blood transfusion       26 (57.8%)                5 (62.5%)                0.803
  Family history HCV                 7 (15.6%)                 2 (28.6%), n= 7          0.397
  Replication                        \-\--                     5 (62.5%)                \-\--

Data are expressed as median (minimum-maximum) or number (%)
